We study the low Q 2 wave-functions of pions and kaons as an expansion in terms of hadron-like Fock state fluctuations. In this formalism, pion and kaon wave-functions are related one another. Consequently, the knowledge of the pion structure allows the determination of parton distributions in kaons. In addition, we show that the intrinsic (low Q 2 ) sea of pions and kaons are different due to their different valence quark structure. Finally, we analize the feasibility of a method to extract kaon's parton distribution functions within this approach and compare with available experimental data.
Motivation
At present the only information available on the structure of unstable mesons is on parton distributions functions (pdf) in pions. These pdf are extracted from Drell-Yan (D-Y) dilepton and prompt photon production in pion-nucleon interactions.
In principle, the same type of experiments can be used to extract information on parton distributions in kaons by only replacing the pion beam by a kaon one. However, this requires high intensity kaon beams which are not easily attainable in present day experiments. Furthermore, there is an additional difficulty which is inherent to the kaon structure because strange valence quarks in the kaon must anihilate with strange quarks in the target particles. As targets are made of nucleons, and strange quarks are in the sea of them, these s −s anihilation processes are expected to have a small contribution to the total D-Y dilepton cross section. Consequently, it is very difficult to have a precise measurement of the strange valence quark distribution in kaons. Other procedures involving the detection of a D-Y dilepton pair accompanied by a fast pion in the final state have been proposed to measure the strange quark distribution in kaons [1] , but they rely on several assumptions coming from recombination models.
The situation, however, is radically different with the light valence quark distribution. In fact, theū K distribution can be measured rather well in D-Y experiments since this is, by far, the major contribution to→ l + l − processes in K − − nucleon interactions. The first, and up to our knowledge, the only attempt in this direction was made by the NA3 Collaboration [2] , who measured the ratio of the u-quark distribution in kaons to the u-quark distribution in pions,ū K /ū π . In this experiment, the ratioū K /ū π was extracted from D-Y dimuon production in 150 GeV/c K − , π − − nucleus interactions. The measurement is, however, subject to large uncertainties due to the limited statistic of the experiment and several assumptions made in the calculation of theū K /ū π ratio.
Another possibility is to extract information on the kaon structure from precise measurements of the pion's pdf. To achieve this end, a model of the low Q 2 wavefunction of hadrons in terms of hadron-like Fock state fluctuations is called for. In this model, as we will show, the pion and kaon low Q 2 wave-functions are related to each other. This allows in principle to extract information on the low Q 2 structure of kaons from the pion structure by means of a rather direct procedure. It is worth to note that this procedure only needs the measurement of the pion's pdf and the ratiō u K /ū π , avoiding in this way any measurement of the strange distribution in kaons, which is very complicated from the experimental point of view.
In Refs. [3, 4, 5] , a model of nucleons in terms of meson-baryon bound state fluctuations has been developed. This model describes well thed −ū and thed/ū asymmetries in the nucleon sea as measured by the E866 Collaboration [6] . The model also describes qualitatively the s −s asymmetry in nucleons observed in a recent global analysis of Deep Inelastic Scattering (DIS) data in nucleons [7] . Moreover, it is interesting to note that this model provides a consistent scheme to generate non-perturbative sea quark and gluon distributions at a low Q 2 scale. Let us remark that, as already noted by several authors [8] , these non-perturbative, valence-like, sea quark and gluon distributions at the low Q 2 input scale are needed to fit DIS data. The above facts indicate that this could be a sensible approach to the problem of having a low Q 2 model of hadrons. In this work, we will extend the model to pions and kaons and we shall explore the feasibility of extracting information on the low Q 2 structure of kaons within this scheme. The paper is organized as follows. In the next section we will study the low Q 2 wave-function of pions and kaons. In section 3, we shall try to extract information on the kaon's pdf in terms of the model and the available experimental data and section 4 is devoted to conclusions and further discussion. 
in terms of hadron-like Fock state fluctuations. In the above expresions we have neglected higher order contributions involving heavier mesons. These fluctuations should be far off-shell and they can be safely ignored at this point. Coefficients in the expansions of eqs. (1) are constrained by probability conservation, i (a M i ) 2 = 1. Similar expresions can be obtained straighforwardly for π + , K + and neutral kaons. Neutral pions, however, have a different structure than the charged ones because they can also fluctuate to |π + π − Fock states (see discussion in Ref. [5] ). Hadrons in the Fock state fluctuations on the RHS of eqs. (1) are assumed to be formed only by constituent valence quarks or valons, in the terminology of Ref. [9] . Fluctuations themselves are responsible for the non-perturbative -intrinsic-sea, which should provide the necessary binding among constituent quarks to form hadrons [5, 10] . This means that, at a low Q 2 scale, hadrons are made of constituent valons plus intrinsic quark-antiquark pairs and gluons. At this point it is important to note that valence quark densities at the low Q 2 scale have contributions not only from valons in the bare meson state, but also from the fluctuations themselves. These fluctuations give rise also to the so called intrinsic sea ofpairs and gluons. DGLAP evolution to higher Q 2 generates the perturbative -extrinsic-sea ofpairs and gluons. In this sense, evolution to higher Q 2 should mostly resolve the structure of valons themselves [9] .
Let us call Q 2 v the scale at which the hadron wave-function can be consistently written as a hadron-like Fock state expansion as those of eq. (1) . Then, at the scale Q 2 v , parton distribution functions are given bȳ
for pions, and
for kaons. In eqs. (2) and (3)
is the probability density of the non-perturbative contribution to the parton distribution, coming from the |MM ′ fluctuation [4, 5] . v q/M is the q-flavored valon distribution in the meson M. A brief description about how to obtain the |P M M ′ probability densities is given in the Appendix. In order to arrive to eqs. (2) and (3), we have assumed
which follow from isospin invariance. Similar expresions to those of eqs. (2) and (3) can be easily obtained for the π + and K + parton distribution functions. It must be noted that there are no fluctuations containing neutral pions in the expansions of eq. (1). In fact, as discussed in Ref. [5] , pions cannot fluctuate to a |π ±,• π • Fock state. This would imply the formation of a neutral in-pion state which can rapidly decay to a gluon. Actually, an unflavored structure like vhas the quantum numbers of a gluon, giving rise to the |π ±,• g Fock state. Consequently, the first contribution to the intrinsicsea in pions arises in the strange sector. Intrinsic uū and dd sea quarks, however, must be considered in neutral pions due to contributions coming from the |π + π − fluctuation [5] . Similarly, kaons cannot fluctuate to |K ±,• π • bound states, which in turn are the origin of the |K ±,• g fluctuation. Consequently, in kaons, the first contribution to the intrinsicsea arises in the light sector. In fact, the
gives rise to the dd intrinsic sea of the
It is interesting to note also that there is no ss intrinsic sea in kaons. The reason is that fluctuations to |K ±,• φ , which could potentially originate the strange intrinsic sea, also contribute to the intrinsic gluon distribution due to the rapid anihilation of the unflavored v s/Ks structure. However, this contribution must be smaller than those coming from the anihilation of a light valon with a light antiquark.
A careful look at the eqs. (2) and (3) reveals other interesting properties of the low Q 2 wave-functions of pions and kaons. First of all, if the v π , v K and v s/K valon distributions are known, the entire structure of pions and kaons is determined up to the coefficients giving the probability of each individual fluctuation. A second interesting property is that the intrinsic strange sea in pions is entirely determined by the strange valon distribution in kaons. Then, by using the convolution theorem applied to Mellin transforms we can formally invert the second expression in eq. (2) to obtain v s/K :
where f (n) is the Mellin transform of f (x). Notice that the above equation not only determines the shape of v s/K , but also fixes the coefficient a K 2 , since the strange valon distribution must be normalized to one.
Once v s/K (x) is known, the v K (x) distribution become fixed by momentum conservation, thus
Then, by only measuring the strange quark distribution in pions, the valon probability densities in kaons become determined. Now, by measuring theū π and g π we can determine the remaining v π through
where we have used again the convolution theorem applied to Mellin transforms. Since the coefficients a π 1 and a π 2 are fixed once the strange and gluon distributions in pions are measured, then there are no free parameters in eq. (8) due to probability conservation.
To extract the shape of the required valon distributions and the value of the coefficients a π i (i = 1, 2, 3), data on π ± − nucleon D-Y dilepton cross sections must be fitted using the formulae presented in eqs. (2) . On this respect, it is worth to note that πp → γX cross sections are dominated by qg scattering, then they are sensitive to the gluon distribution. On the other hand, the difference of cross sections σ(π − p)− σ(π + p) is dominated byanihilation, allowing in this way the determination of quark distributions in pions. Furthermore, in Ref. [12] it has been argued that adequate linear combinations of π ± −nucleon D-Y cross sections should allow the determination of valence densities in pions, independently of sea quark distributions. Having the gluon and valence quark distributions, the sea quark densities can be known. Thus, the determination of the valon densities v π , v K and v s/K and the parameters a π i can be achieved.
In practice, however, some sort of iterative procedure is needed to determine v π , v K and v s/K from experimental data since v π enters in the calculation of the P πg and P KK probability densities.
At this point some remarks are in order. As we have shown above, the valon distributions and parameters entering in the pion wave-function can be determined from measurements of the pion pdf. Having this information, we can proceed to determine the kaon pdf. To this end, however, some experimental input on kaon parton distributions is needed. Theū K distribution can be measured in K − −nucleon 
Kaon parton distributions
The existing parametrizations of pion pdf have been obtained assuming an SU(3) f lavor symmetric sea. Furthermore, in most cases thesea has been generated perturbatively through DGLAP evolution [13, 14] . Then it is not possible to determine the valon distributions v π , v K and v s/K from present parametrizations. This will require to reanalyse the existing data on π ± − nucleon dilepton and prompt photon production in terms of the low Q 2 v parametrizations of eqs. (2) . Consequently, for the moment we refrain from any attempt of determining the valon distributions from experimental data. Instead, we will use the valon distribution in pions and kaons proposed in Ref. [9] ,
where a and b are related by a/b = m l /m h ∼ 2/3, m l and m h are the light and strange valon masses in kaons and α K is a normalization constant. These simple valon parametrizations would allow us to have both an idea of the feasibility of this method to extract kaon's pdf, as well as to have some knowledge of the kaon low Q 2 v structure. To obtain the values of the a K i coefficients in the kaon wave-function, data on u k /ū π by the NA3 Collaboration [2] were fitted usinḡ
together with the valon distributions of eqs. (9) . Notice that the fitting function has only two free parameters due to probability conservation. In order to do the fits we assumed that theū K /ū π ratio is independent of Q 2 . We recognize that this assumption could be questionable, but given the large error bars of the NA3 data, and the uncertainty in the valons distributions, fits are hardly sensitive to QCD evolution.
In these fits we also used two differentū π distributions; the GRV-P [14] parametrization at the low Q 2 v and theū π distribution obtained by means of a Monte Carlo model of hadrons in Ref. [15] . This enables us to test the sensibility of the model to the shape of theū π distribution. 
0.392 ± 0.050 0.101 ± 0.059 0.507 ± 0.077 2.3 x 1.1 (1 − x) [15] 0.646 ± 0.083 0.177 ± 0.097 0.177 ± 0.127
The results of the fits are displayed in Fig. (1) and in Table ( 1) . All the fits were done using a = 1.5 and b = 2.25 in the v K distribution of eqs. (9) . As can be seen in the Figure, the main effect of using a differentū π distribution is in the low x (< 0.2) region. But in this region, the pion valence distribution is not well known.
A noticeable effect is also evident in the value of the a K i coefficients (see Table (1) ). In fact, using the GRV-P parametrization, the probability of the K
• π − fluctuation of the kaon is bigger than the probability of the |K 0 state, opposite to intuition. On the other hand, using theū π distribution of Ref. [15] , one gets a
, as expected. Given the uncertainties coming mainly from the shape of the valon distributions, this facts have no special meaning regarding valence distributions in pions. However, the general scheme proposed seems to be significant in order to extract kaon's pdf.
In Fig. (2) we display theū K distribution obtained from fits using theū π parametrization of Ref. [15] in comparison to theū π distribution itself. As expected, theū K probability density is peaked at lower x than the one of the pion, indicating that light valence quarks in kaons carry in average less momentum than valence quark in pions.
In Fig. (3) we show the full set of valence and intrinsicand gluon distributions in kaons at the low Q 2 v scale. These distributions were calculated using the coefficients in the second row of Table (1) together with eqs. (3), (4) and (9).
Conclusions
The study of the low Q 2 wave-function of hadrons is an important issue for several reasons. The first one is related to the origin of the valence-like distributions needed to fit the experimental data on hadron's pdf. This fact, which has already been noted repeatedly by several authors in the case of nucleon's pdf, is also important in order to determine the pion pdf (see, for instance, the last Ref. [13] ). Furthermore, for pions there is no theoretical input regarding what initial valence-like sea quark or gluon distributions are needed in order to describe experimental data. Notice that most of the pion's pdf available in the literature are determined using a SU(3) f lavor symmetric sea, which is surely incorrect.
The second important reason concerns the kaon structure itself. As a matter of fact, the experimental information one can get on the kaon structure is only on the light valence quark distribution. The measurement of the strange and even sea quark distributions in kaons is not possible due to practical reasons. Actually, strange and sea quarks only contribute to the total D-Y dilepton cross section through valence-sea and sea-seaanihilation. Then their contributions are small and cannot be easily separated. Thus, we must rely on other methods to obtain information on the kaon structure. It is worth to stress that the knowledge of the kaon structure is not only important by itself, but also because kaons are commonly used in many experiments and their pdf are needed to calculate the cross sections of the produced particles.
In this work we addressed the problem of the low Q 2 structure of pions and kaons. We have shown, by using a hadron-like Fock state expansion of the pion and kaon wave-functions, that the pion and kaon structure are related one another. This enables one to determine the complete structure of kaons from a minimal set of measurements of the pion and kaon pdf. In fact, by exploiting the relationship among the pion and kaon low Q 2 wave-functions, the kaon structure can be completely determined by measuring pion structure and theū K /ū π ratio. We would like to remark, however, that a confident determination of kaon pdf requires a reanalysis of the pion data in terms of the model presented here. 
Appendix: In-meson hadron distributions
The meson probability density P M M ′ (x) in the |MM ′ fluctuation has been calculated in Refs. [4, 5] . It is given by 
In eqs. (12), v q and q ′ are the valon and the quark or antiquark distributions which will form the meson M in the |MM ′ fluctuation. The q ′ distribution is generated through the gluon emission from a valon followed by the q ′ −q ′ pair creation, which are basic processes in QCD. Thus its distribution is given by [3] Figure 1 :ū K /ū π as a function of x. Data is from Ref. [2] . Dashed line is the fit using theū π distribution of Ref. [14] , the solid line is the fit using theū π distribution given in Ref. [15] . 
